This study used biowaiver conditions to assess bioequivalence of some generic products used in Nigeria. None of the generic samples tested met biowaiver conditions; therefore, in vivo bioequivalence studies are required to ascertain therapeutic equivalence. To take advantage of the cost savings of using in vitro dissolution as a surrogate for bioequivalence studies, manufacturers of generic products need to consider factors that affect solubility and permeability of their products when formulating them.
INTRODUCTION
G eneric drugs are copies of innovator drug products with expired patents. They are promoted for use in practice because they are usually less expensive than the innovator products, thereby improving access to life-saving drugs, especially in developing countries. Regardless of price, generic drug quality should be comparable to that of the innovator product. Generic drug products can only be interchangeable with innovator products when they are pharmaceutically and therapeutically equivalent (1) .
In vivo bioequivalence (BE) studies are commonly used to assess therapeutic equivalence, but these studies are often costly (2) and involve invasive procedures. The Biopharmaceutics Classification System (BCS) can be used to reduce in vivo BE requirements (3) . In vitro dissolution tests based on BCS are acceptable surrogates for establishing the bioequivalence of generics with the innovator products. According to FDA (4) and WHO (1), a biowaiver for in vivo studies can be obtained for BCS Class 1 drugs that are very rapidly dissolving (≥85% dissolved within 15 min) or are rapidly dissolving (≥85% dissolved within 30 min) with f 2 ≥ 50 in three dissolution media ranging in pH from 1.2 to 6.8. Propranolol hydrochloride is a BCS Class 1 drug (5). WHO also recommends biowaiver for Class 2 and 3 drugs that are very rapidly dissolving (1) . Metformin hydrochloride is highly soluble with low permeability; it is therefore a BCS Class 3 drug (6) and is eligible for a biowaiver based on the WHO criteria. According to the WHO biowaiver testing procedure for Class 3 drugs (1), a biowaiver can be considered only if both the generic and the innovator products dissolve very rapidly (i.e., 85% or more dissolved within 15 min in standard dissolution media at pH 1.2, 4.5, and 6.8).
This study sought to apply the BCS biowaiver requirements to assess the equivalence of commonly interchanged generic propranolol hydrochloride tablets and metformin hydrochloride tablets with their respective innovator products.
MATERIALS

Samples
The drug samples investigated were all conventional, immediate-release, solid oral dosage forms. The innovator products, Inderal (IBP) for propranolol hydrochloride 40-mg tablets and Glucophage for metformin hydrochloride 500-mg tablets (IB), were purchased from country representatives. Two generic versions of propranolol hydrochloride 40-mg tablets (MINP manufactured locally and MIIP imported) and four of metformin hydrochloride 500-mg tablets (MIN1and MIN2 manufactured locally, and MII1 and MII2 imported) were purchased from registered pharmaceutical wholesale drug outlets in Lagos State.
All reagents were analytical grade: potassium dihydrogen orthophosphate (Surechem), ammonium acetate (Riedelde Haën), hydrochloric acid (Riedel-de Haën), methanol (Sigma-Aldrich), and sodium hydroxide (Riedel-de Haën).
Reference Standards
Propranolol hydrochloride USP (Lot I1G348) was purchased from USP, and a secondary reference standard of metformin hydrochloride was obtained from Nigeria-German Chemical PLC.
Methods
Active content of generic and innovator brands were assessed using the British Pharmacopeia 2007 method (7).
*Corresponding author. e-mail: bukkydada@yahoo.com
Dissolution
A volume of 900 mL of each of the following media was employed: 0.01 N hydrochloric acid (pH 2), phosphate buffer (pH 4.5), and phosphate buffer (pH 6.8). Dissolution testing was performed using Electrolab Tablet Dissolution Rate Tester Model TDT-08L (USP Apparatus 2) at 50 rpm for both products (8) . The dissolution system met the USP performance verification test requirements. Twelve dosage units of each product (propranolol IBP, MINP, and MIIP and metformin IB, MIN1, MIN2, MII1, and MII2) were evaluated in the three media. Sample aliquots of 5 mL were taken manually with syringes fitted with stainless tubing to ensure reproducibility of sampling location. Samples were withdrawn at specified time intervals (10, 15, 30, 45 , and 60 min) and replaced with 5 mL of appropriate medium. Withdrawn samples were filtered using 0.45-μm Millipore filters. An Agilent UV-vis spectrophotometer (Model No. 8453) with ChemStation Software (Rev. A.10.01) was used to analyze dissolved drug in dissolution testing.
RESULTS
All assay results for samples of propranolol hydrochloride tablets were within BP limits ( Table 1 ). The innovator brand of metformin and two generic samples were within BP limits, while MII 1 was slightly over and MII 2 was clearly over the limits (Table 2) .
Propranolol Hydrochloride Dissolution Profiles
Propranolol hydrochloride tablets of both the generic and innovator products were rapidly dissolving (≥85% of the labeled amount released within 30 min). Their profiles were mostly not superimposable (Figures 1, 2, 3) ; therefore, a profile comparison using f 2 testing was performed. Neither of the samples tested had f 2 ≥ 50 in all three media used (Table 3) .
Metformin Dissolution Profile
Metformin hydrochloride (BCS Class 3) test and comparator samples were not very rapidly dissolving (≥85% of labeled amount not released within 15 min) nor were profiles superimposable to qualify for a biowaiver according to WHO criteria (Figures 4-6 and Table 4 ).
DISCUSSION
Only generic drug products that are therapeutically equivalent to the innovator products and have been approved by the appropriate regulatory body may be marketed as appropriate for substitution (9) . The generic drug products assessed were immediate-release oral tablets; they contained the same active ingredients as their respective reference products, propranolol HCl (IBP, MINP, and MIIP) and metformin HCl (IB, MIN1, MIN2, MII1, and MII2). They were mostly within the BP 2007 assay range for the individual active pharmaceutical ingredient assessed, with only one generic form of metformin exceeding the BP upper limit.
In Vitro Dissolution of Metformin
Metformin HCl is a Class 3 drug according to the BCS (6). Class 3 compounds are characterized by high solubility and low permeability. For immediate-release products of this class, the assumption is that if their dissolution is very rapid under all physiological pH conditions, they can be expected to behave like oral solutions in vivo, since the rate-limiting step in the absorption process is permeability. Class 3 drugs are considered acceptable for biowaivers under WHO criteria (i.e., both the test and reference products are very rapidly dissolving). That is, dissolution of 85% or more of the labeled amount of API should be achieved within 15 min under all physiological conditions (1) .
None of the four brands of metformin tested met this requirement because the innovator product did not achieve 85% dissolution in 15 min (Table 4) ; however, a generic form (MIN1) had over 85% dissolution within 15 min in the three media. Since MIN1 went into solution faster than the innovator product, there is the possibility of differences in the rate and extent of absorption, with the MIN1 having a higher extent of absorption. MIN2, MII1, and MII2 were not very rapidly dissolving. MII2, like IB, had fully dissolved by 45 min, and f 2 values were greater than 50 in all physiologic pH conditions, showing a similarity in dissolution (Table 4) . MII2 would most likely be similar to IB in rate and extent of absorption. MII2, however, exceeded the upper pharmacopeial assay limit for metformin.
According to the WHO biowaiver testing procedure, a biowaiver can be considered for BCS Class 3 drugs that are very rapidly dissolving (85% in 15 min). None of the generic drugs tested was very rapidly dissolving. The literature, however, shows that Class 3 drugs may have similar in vivo absorption even when the dissolution is slow. In vitro-in vivo correlation has been reported in a bioequivalence study between a generic product of metformin and the innovator product, with similar dissolution profiles in three media covering the physiological pH range and both brands only releasing 89% within 30 min (rapidly dissolving). In a study by Cheng et al. (9), the primary bioequivalence parameters C max , AUC 0-t , and AUC 0 -∞ for the test products were similar to those of the reference product using log-transformed data. They concluded that a biowaiver by in vitro dissolution profiles was justified by the bioequivalence data for metformin. Blume and Schug (10) and Kortejarvi et al. (11) advocated biowaivers for Class 3 drugs that are rapidly dissolving (85% dissolved within 30 min). This advocacy was because bioavailability of this class is independent of drug dissolution; therefore, generic drugs with differing in vitro dissolution will not necessarily exhibit different in vivo performance. The possible effect of excipients on the dissolution of metformin was not evaluated because only the innovator product Glucophage listed excipients on its packaging. Also noteworthy is the fact that even though film coating on an immediate-release product should have a negligible effect on dissolution, IB and MII2 that shared similar dissolution profiles were film-coated, whereas others were not.
In Vitro Dissolution of Propranolol HCl
Two generic products of propranolol HCl (MINP and MIIP) were compared with the innovator product (IBP). According to WHO guidelines, Class 1 drugs are considered bioequivalent if in vitro dissolution shows that both the generic and innovator products are very rapidly dissolving (85% in 15 min). If the reference (innovator) and test (generic) products are rapidly dissolving (85% in 30 min), similarity factor calculation (f 2 ) is used to assess equivalence. Similarity factor (f 2 ) was used to compare the dissolution profiles in this study. There are several methods to investigate dissolution profiles comparison; the f 2 method is the simplest and is recommended by FDA (4) and WHO (1). The f 2 factor measures the closeness between the two profiles and is sensitive to large differences at any particular time point. An f 2 value of 50 or greater (50-100) ensures sameness or equivalence of the two curves and, thus, performance of the two products (12) .
The f 2 calculation was applied to test the dissolution profile similarity for these products to ascertain equivalency. The f 2 values for all generic samples tested were not ≥50 in all three media, suggesting that these products are not similar to the innovator product. 
